The water-insoluble fraction, obtained after successive treatment of an insoluble fraction of a buffer-homogenate of Zea mays L. hybrid B73 x Mo 17 shoots with 3 molar LiCl and hot water, was treated with aamylase to remove starch. This fraction has been subjected to sugar composition analysis and the major glycosidic linkages were determined.
NaOH.
Novo Ban 120 from Bacillus subtilis was found to be an appropriate enzyme source for selective dissociation of Zea shoot wall polysaccharides.
Most structural studies of plant cell-wall polysaccharides have been performed using polysaccharide preparations derived upon sequential extraction of isolated walls with weak acid followed by alkali solutions (1, 30, 31, 33, 35, 36) . Extraction of most matrix polymers requires vigorous conditions. Apart from extraction with urea, SDS or guanidinium thiocyanate which disrupt noncovalent bonds, acid, or alkali extraction results in the simultaneous, but partial cleavage of several types of bonds present in the cell walls. Included in this bond disruption is hydrolysis of some glycosidic linkages, particularly the a-L-arabinofuranosidic linkage, hydrolysis of the ester linkages of sugar acetyl groups, hydrolysis of methyl esters of uronic acids, hydrolysis of ester linkages either between polysaccharides or between carbohydrates and noncarbohydrate components, and catalysis of the transelimination of uronic acids. In contrast to nonspecific bond disruption, the selective dissociation of isolated cell walls by enzymic hydrolysis has the potential to release components with greater retention of structural integrity than fragments derived from treatment with chemical reagents (29) .
We have initiated a study on the structure of Zea shoot cellwall polysaccharides and have characterized the structure of the arabino-3,6-galactan and the (1 --3),(1 -* 4)-fl-D-glucan (18, 19 has been treated with a-amylase to remove starch followed by analyses of sugar composition and determination of glycosidic linkages. Furthermore, an attempt was made to determine if an industrial enzyme preparation, Novo Ban 120 from B. subtilis, which has served as a good source of(l -3),(1 --4)#-D-glucan 4-glucanohydrolase (13) in addition to a-amylase, was a potentially useful enzyme source for degrading Zea walls. This paper describes the results.
MATERIALS AND METHODS Plant Material. Zea shoots (Zea mays L. hybrid B73 x Mo 17), excised at the coleoptile node 96 h after inhibition, were homogenized with Na-phosphate buffer (pH 6.5) and centrifuged. The precipitate was treated successively with 3 M LiCl and hot water. The residue was freeze dried. These procedures were described previously (18) . The water-insoluble material thus obtained from Zea shoots was used for this study.
a-Amylase Treatment of the Water-Insoluble Material of Zea Shoot Cell Walls. The water-insoluble material (10.0 g) was suspended in 500 ml of 10 mm Na-phosphate buffer (pH 6.9) and incubated with 13.8 units of a-amylase from porcine pancreas (Sigma Type I-A) at 25C for 24 h. After incubation, the suspension was filtered through Miracloth. The residue was washed with water. The combined filtrate and washing was heated in a boiling water bath for 10 min. The procedure was repeated twice. The a-amylase-treated residue was freeze dried to give the water-insoluble fraction (WIS-fraction) representing a portion of the Zea shoot cell-walls (yield: 8.8 g). Solubilized materials derived from a-amylase treatment were concentrated to a small volume. Total carbohydrate content (5) and neutral sugar composition of the concentrate were determined using appropriate volumes, respectively. To (22) . We used a helium flow rate of 1 ml min' and a split ratio of 50:1. The 0.1 dl sample was injected at 1 50°C and after 4 min the temperature was increased at a rate of 4°min-' to an upper limit of 230C.
Preliminary Identification of Phenolic Acid in the WIS-Fraction. WIS-fraction (50 mg) was treated with 4 (from Sigma) was purified by the method described by Taiz et al. (28) . Xyloglucan was prepared from soybean hypcotyls by the procedure of Kato and Matsuda (14) .
Successive Treatment of the Water-Insoluble Fraction of Zea Shoot Cell Wails with Novo Ban 120 and Celiulysin. LiClpretreated Zea shoot cell walls (wet weight 1.8 g) were suspended in 20 ml of 20-mM Na-acetate buffer (pH 5.0) and incubated three times in sequence at 32C for 20 h with dialyzed Novo Ban 120 (400 ,g of protein) in the presence of a few drops of toluene to retard bacterial growth. The Novo Ban 120-treated Zea shoot cell walls were next incubated in four separate treatments at 32°C for 20 h in 20 ml of 20 mm Na-acetate buffer (pH 5.0) with 1 ml of Cellulysin which had been prepared as follows: Cellulysin B grade (from Calbiochem, 36.3 mg of powder) was dissolved in 5 ml of 20 mm Na-acetate buffer (pH 5.0) and centrifuged. The supematant was dialyzed against the same buffer and the dialysate (5.2 ml) was used as Cellulysin. After each incubation, the reaction mixture was separated into soluble and insoluble fractions by centrifugation. Each soluble fraction was assayed for carbohydrate content by the phenol-H2SO4 method (5). Carbohydrates liberated from the cell walls by Novo (fraction N) and Cellulysin (fraction C) and the final residue (fraction R) were separately subjected to neutral sugar analysis by GLC as described above.
Gel Filtration on Bio-Gel P-2 of Fraction N and Fraction C. Fraction N (5 mg as xylose equivalent) or fraction C (10 mg as glucose equivalent) was applied to a Bio-Gel P-2 column (1.2 x 60 cm) followed by filtration through the column with water at 50°C: 2-ml fractions were collected and assayed for carbohydrate by the phenol-H2SO4 method (5) Glycosidic Linkage Composition of WIS-Fraction. To determine glycosidic linkage composition of WIS-fraction, methylation analysis was performed. WIS-fraction was methylated by the method of Hakomori (8) . The methylated WIS-fraction was separated into chloroform-soluble (95.8% of recovered carbohydrate) and chloroform-insoluble fractions (4.2% of recovered carbohydrate). The chloroform-insoluble fraction was remethylated. Portions of the two methylated wall fractions were separately hydrolyzed by the HCOOH-H2SO4 method. The resulting partially methylated sugars were converted to their corresponding alditol acetates followed by GLC and GLC-MS analysis. A summary of the derivatives recognized in both chloroformsoluble and -insoluble fractions is presented in Table II .
Phenolic Acid in WIS-Fraction. Several investigators have reported the release of p-coumaric acid, ferulic acid, and other phenolic acids from plant cell-walls by treatment with NaOH solution (10-12, 26, 34) . Ferulic acid appears to be ester linked to wall polymers (6, 7, 9-1 1). UV-spectra of materials obtained from WIS-fraction by treatment with 1 M NaOH showed Amax 342 nm and a shoulder at 305 nm. The compound in the alkali Successive Treatment of WIS-Fraction with Novo Ban 120 and Cellulysin. An experiment was conducted to determine whether or not carbohydrate hydrolases in Novo Ban 120 were useful for dissociation of cell-wall polysaccharides of WIS-fraction. WIS-fraction of Zea shoot cell walls was exhaustively treated with Novo Ban 120 followed by treatment with Cellulysin. By treatment with Novo Ban 120 approximately 35% of all carbohydrates were liberated from the fraction. The released fragments (fraction N) consisted mainly ofarabinose, xylose, and glucose, whereas fragments (fraction C) derived from Cellulysin treatment and the residue (fraction R), both consisted mainly of glucose (Table IV) . When fraction N was subjected to gel filtration on Bio-Gel P-2, about 74% of fraction N eluted in the void volume of the P-2 column (mol wt greater than 2000) and the remaining 26% eluted as a mixture of oligosaccharides with mol wt ranging from 150 to 600. The former consisted mostly of arabinose and xylose. Paper chromatography ofthe latter showed its sugar constituents were mainly 3-O-fl-cellobiosyl-D-glucose and 3-O-fl-ceUlotriosyl-D-glucose. Separation on Bio-Gel P-2 of fraction C followed by paper chromatographic analysis of obtained fractions showed that sugar constituents in fractions were mainly glucose, cellobiose, and xyloglucan oligosaccharides.
Polysaccharides Tables  I and II also strongly suggest that the predominant noncellulosic polysaccharide component of Zea shoot cell wall is an arabinoxylan. The amount of arabinoxylan (sum of T-Ara, 3-Ara, 5-Ara, 4-Xyl, and 3,4; 2,4-Xyl) accounts for about 34.5% of the polysaccharides of the water-insoluble fraction of Zea shoot cell walls (total peak area of methylated sugars).
In order to elucidate the structures of polysaccharides in the water-insoluble fraction of Zea shoot cell walls and to establish their interrelationships, it is recommended that selective disso- Detailed structural studies of polysaccharides in the waterinsoluble fraction of Zea shoot cell walls will be reported in subsequent papers ofthis series on the basis of structural features of cell-wall components dissociated from the cell walls by treatment with enzymes.
